result in human illness or injury. HACCP systems have been applied to nearly all foods, including fluid milk and dairy products, and are recognized throughout the world. While primarily practiced at the industry level, HACCP principles are becoming part of regulatory systems. This chapter will provide background on the history and development of the HACCP concept and will describe the application of HACCP principles to pasteurized fluid milk operations, with reference to regulatory based model systems such as the program developed for Grade`A' Dairy products under the US National Conference on Interstate Milk Shipments (NCIMS) and the Food and Drug Administration (FDA). In addition to HACCP, other food safety and quality systems will be briefly discussed.
Background to the Hazard Analysis Critical Control Point (HACCP) concept
Applying HACCP principles in food manufacturing requires a systematic evaluation of the food and the process to identify potential hazards that may be associated with the food (the hazard analyses) and the development of means and measures that ensure that the identified hazards are controlled such that illness or harm is unlikely (the critical control points). HACCP principles are only effective if they are supported by well-documented prerequisite programs (PPs) that form the foundation of the HACCP system. While PPs are managed separately, they play an integral part in the hazard analysis and determination of critical control points and provide the basic operating and environmental conditions and procedures that are required for the production of safe food (NACMCF, 1998) . Many of the PPs that support HACCP systems are based on regulatory requirements and guidelines such as those found in the current Good Manufacturing Practices (US-CFR 2007a, 21 CFR Part 110) and the CODEX General Principles of Food Hygiene (CAC, 2003) . The HACCP system must take into account the impact of all aspects of the process from raw materials and ingredients to the distribution of the final packaged product.
Originally developed in the US for the National Aeronautics and Space Administration (NASA) in the early 1960s, HACCP principles were first presented to the public in 1971. The National Academy of Sciences (NAS), the National Advisory Committee on the Microbiological Criteria for Foods (NACMCF) and the Codex Alimentarius Committee on Food Hygiene of the Codex Alimentarius Commission (CAC) played significant roles in the development of HACCP principles and application guidelines that are currently used for HACCP program development (Scott and Stevenson, 2006) . Table 19 .1 presents a timeline for documented activities in the evolution of the HACCP principles that are in practice today. In the US, the NACMCF document titled Hazard analysis and critical control point principles and application guidelines' (NACMCF, 1998) serves as the model guidance document for applying HACCP principles to foods. A similar guideline published by the CAC and annexed into the Recommended Code of Practice (RCP),`Recommended international code of practice ± General principles of food hygiene', CAC/RPC 1-1969 , Rev. 4-2003 (CAC, 2003 , is used by many other countries. Both documents provide sufficient background and cover the definitions, the preliminary steps (Table  19 .2) and the seven principles (Table 19 .3) that have become standardized in HACCP training and system development.
While the adoption of HACCP principles had a slow start, they have since been applied to many food commodities and processes and have become part of the regulatory requirements for certain foods. Under the US Department of Agriculture (USDA) Food Safety and Inspection Service (FSIS),`Pathogen The HACCP concept was first introduced to the public at the 1971 National Conference on Food Protection. It was based on three principles (hazard identification and assessment; determination of critical control points; establishment of monitoring systems). 1970s
Interest in HACCP rose (FDA began training inspectors and conducted select HACCP based inspections, HACCP was a topic of several conferences) and then fell. There was limited use of HACCP in the industry due to time and experience required. Titles 21 CFR Part 113 and 21 CFR 114 were developed in a manner reflecting HACCP. 1985 Report on the microbiological criteria for foods issued by the Food Protection Committee of the National Academy of Sciences (NAS) gave a strong endorsement of HACCP. 1988 In response to NAS recommendations, the National Advisory Committee on the Microbiological Criteria for Foods (NACMCF) was appointed by the US Secretary of Agriculture to serve as an expert advisory panel to federal food safety agencies. A HACCP working group was appointed to make recommendations. 1989 The NACMCF adopted a document outlining seven HACCP principles and a systematic approach for the application of HACCP. 1992 First revision of the NACMCF document adopted and published in the Step 1 Assemble the HACCP team Assemble the HACCP team
Step 2 Describe the food and its distribution Describe the product
Step 3 Describe the intended use and Identify intended use consumers
Step 4 Develop a flow diagram that Construct the flow diagram describes the process
Step 5 Verify the flow diagram On-site confirmation of flow diagram The process of collecting and evaluating information on hazards associated with a food to decide which are significant and must be addressed in the HACCP plan P-2 Determine critical control points A step at which control can be applied and is essential to prevent or eliminate a food safety hazard or to reduce it to an acceptable level P-3 Establish critical limits A maximum or minimum value to which a biological, chemical, or physical parameter must be controlled at a CCP to prevent, eliminate or reduce to an acceptable level the occurrence of a food safety hazard P-4 Establish monitoring procedures for each CCP
To conduct a planned sequence of observations to assess whether a CCP is under control and to produce an accurate record for future use in verification P-5 Establish corrective actions Procedures followed when a deviation occurs (when a critical limit is not met at a CCP)
P-6 Establish verification procedures
Activities other than monitoring that determine the validity of the HACCP plan and that the system is operating according to the plan (EEC, 1993) . The New Zealand Food Safety Authority has incorporated HACCP principles into codes of practice for meat (NZFSA, 2004) , seafood (NZFSA, 1997) and dairy (NZFSA, 2003a (NZFSA, , 2003b . Undoubtedly, HACCP principles play a role in other regulatory systems as well.
While not specifically defined as such, the dairy industry has operated under HACCP principles since the adoption of pasteurization. Hazards were identified in raw milk and pasteurization was developed, validated, monitored and verified as a critical control point (IOM/NRC, 2003) . In recent years, formalized HACCP programs have become commonplace for dairy operations, as a means to ensure product safety and in many cases to satisfy customer and/or regulatory requirements. Although HACCP is not required by the regulatory agencies in the US, under the Grade`A' Pasteurized Milk Ordinance (PMO), Grade`A' dairy plants can now be regulated under the`HACCP Alternative' instead of the traditional inspection/rating based system (FDA, 2007) . The concept originated in 1997 when a committee was appointed by the National Conference on Interstate Milk Shipments (NCIMS) to address how a voluntary HACCP system could be implemented, evaluated, monitored and enforced as an alternative to the traditional inspection and rating (FDA, 2000 (FDA, , 2008b . In 1999, the committee's proposal to investigate a HACCP alternative was approved by the NCIMS. The general guidelines for the development of the PMO-HACCP Alternative were that it:
· be developed based on HACCP principles as defined by the NACMCF and be consistent with FDA HACCP recommendations (e.g., Juice HACCP regulations); · continued to assure at least the same level of milk safety provided by the traditional inspection/rating/check-rating system; and · continued to provide uniformity and reciprocity between states as did the traditional inspection/rating/check-rating system.
Using a select number of volunteer dairy plants, the proposed HACCP based regulatory system was investigated and modified during a two-phase pilot program. As a result, a HACCP based inspection system was proposed to the 2003 NCIMS conference, where it was adopted and subsequently included in the 2003 PMO under Appendix K. The NCIMS-HACCP alternative provides a model system for dairy HACCP programs based on the NACMCF principles that will be referenced throughout this chapter along with other model regulatory guidelines and references.
HACCP plan vs. HACCP system
The NACMCF and CODEX HACCP documents stress specific steps, principles and definitions that provide uniformity in the development of HACCP based programs. The NACMCF defines the HACCP plan as`the written document that is based on the principles of HACCP and that delineates the procedures to be followed' whereas CODEX defines it as`a document prepared in accordance with the principles of HACCP to ensure control of hazards'. This includes the development and documentation of the seven principles of HACCP (Table 19. 3) including the hazard analysis and the determination of critical control points. A HACCP system is defined by NACMCF as`the result of the implementation of the HACCP plan(s)', thus it encompasses the HACCP plans for all products in the system; the preliminary steps (Table 19 .2); and the prerequisite, regulatory and other programs that support the HACCP plan(s).
Hazard Analysis Critical Control Point (HACCP) in milk processing
19.3.1 Initial steps Adopting and implementing a HACCP based system can be a monumental task. Initially when developing a HACCP system, companies should determine their level of commitment, define their objectives and then establish goals and directions to meet these objectives. Commitment must come from the top management and be instilled throughout the workforce. While the primary objective of developing a HACCP system should be to provide the safest product possible, other objectives often include meeting specific customer and/or regulatory requirements. When establishing goals, companies need to determine what is practical and achievable based on the available workforce and time and capital commitments, all within a goal of ensuring that the HACCP system will work. Obtaining sufficient background in order to understand how HACCP fits into a plant's current programs and regulatory requirements is essential, which makes effective research and training among the most critical preliminary steps. Table 19 .2 lists the preliminary steps or tasks that lay the groundwork for the development of a HACCP plan as outlined by the NACMCF (1998) and CAC (2003) documents. The first step is to create the HACCP team, members of which will be responsible for the development, implementation and maintenance of the HACCP system. Members of the HACCP team may be involved in the initial development of the objectives and goals listed above. Where practical, the team should include representatives of all functional areas including production, sanitation, quality control/assurance, maintenance, engineering and perhaps even marketing. If upper management decides not to be an active part of the team, support from the top should be clear. While those with supervisory or decision-making positions are often included, operational employees, such as pasteurizer operators, might also provide valuable input to the team, as they are more intimately involved in the process. It may be advantageous to recruit outside consultants or others with expertise (e.g., a university microbiologist) to fill gaps in the knowledge base. Forming a multidisciplinary team may be easy for larger dairy operations, but small plants may have a limited pool of potential team members; in some cases the`team' may include nearly all employees.
In order for the HACCP team to function properly, it is important that all members have a clear understanding of their roles and responsibilities; documenting team members, their expertise (e.g., training) and their specific assigned activities are helpful (IDFA, 2002) . Although differing responsibilities may suggest that some team members do not need to be involved in certain functions, it is important that all team members be kept informed of all activities and changes in the system. Often one person in a dairy operation is assigned the bulk of the oversight of implementation of the HACCP system (e.g., quality assurance). It is essential that others have sufficient knowledge of the system and that backup or contingency plans exist in case this person leaves the operation. Ideally all team members should be formally trained in HACCP. As the program progresses, appropriate training in the procedures required to implement the HACCP system should be provided for all employees so they understand the importance of their positions and responsibilities, regardless of whether they are on the team. For the NCIMS-HACCP program, formal training in the HACCP core curriculum, which includes basic HACCP principles as presented in the NACMCF document and an orientation to the requirements of the NCIMS-HACCP program, or`equivalent experience', is required for persons who develop the hazard analysis and determine critical control points; who develop, validate and modify the HACCP plan; and who perform HACCP plan records review (FDA, 2007) .
The second and third preliminary steps in developing a HACCP plan are to describe the food and its distribution (step 2) and describe the intended use of the food and targeted consumers (step 3). Standardized forms that ask for a basic product description, storage and distribution and intended use have been developed and are used to accomplish these two tasks. Table 19 .4 provides an example of a more detailed form that might be used for pasteurized fluid milk. This form provides specific information that is important in determining the potential safety concerns associated with a food that would be significant in the hazard analysis. Product description forms need to be created for each product in the HACCP system that is significantly different to warrant its own flow diagram, hazard analysis and/or HACCP plan.
The fourth and fifth preliminary steps, developing and verifying a flow diagram that describes the process, provide the basic road map for the product's hazard analysis (principle 1). A flow diagram should provide a clear, simple, sequential step-by-step description of the process. It should include all steps under the control of the facility from receiving raw materials and ingredients to shipping the packaged product (NACMCF, 1998). All inputs and edible outputs of the process should be shown (NZFSA, 2003b) . A simple block-style diagram is commonly used for a flow diagram. There is no need to include details that would be in a plant blueprint, such as pumps, pipelines, valve clusters or sensors, but sufficient detail must be included to accurately describe the process. All steps where the product is treated or handled in a manner that might alter or influence the product such that hazards might be introduced, enhanced or controlled should be included. For products that have similar attributes and are handled and processed in a similar manner, flow diagrams can often be combined (e.g., one flow diagram can be used for non-fat milk, low-fat milk and whole milk; a separate flow diagram might be created for chocolate milk). Figure 19 .1 provides an example of a basic flow diagram for a HTST fluid milk processing system. In this example, the separator is located in a split rawregeneration section and the milk is packaged in either paperboard or HDPE jugs. Pasteurization is sometimes included in the flow diagram as a single step. It is recommended that the process be broken down into the specific sections, as each should be considered in the hazard analysis. While not specifically included in the flow, the steam/water used in the heating step and the chill water used in the cooling step are noted in this diagram because they may introduce potential hazards (e.g., cross-contamination from leaky plates). Multiple packaging systems may be combined into one step in the flow diagram, although for this example, the paperboard and the HDPE fillers were displayed separately based on differences in source packaging materials (i.e., one purchased, one manufactured in-house).
Other items that might be included in a flow diagram for conventionally pasteurized fluid milk products include the use of rework, the addition of ingredients (e.g., cocoa and sugar for chocolate milk) and blending operations and the use of air-blows for line clearing. For extended shelf-life or shelf-stable products steam injection and vacuum treatment, package treatment (e.g., hydrogen peroxide) and sanitizer rinses should be considered. Flow diagrams must be verified (step 5), initially and on a scheduled basis thereafter and/or after changes are made in the process. Verification is performed by on-site inspections of all stages and if possible at all critical times of the process and should include discussions with all team members and floor processing employees. Under the CFIA Food Safety Enhancement Program (CFIA, 2007) , a plant schematic is also required. This diagram should provide a basic layout of the plant showing the receiving, storage, handling and shipping areas for raw milk, ingredients and other materials; the general process flow including packaging and handling of the finished product; traffic patterns of employees handling raw milk or product and employees handling pasteurized milk or product; and the location of break rooms, locker rooms, offices and rest rooms. The schematic serves as a reference for determining potential areas for cross-contamination (e.g., raw milk to finished product, allergen-containing ingredients/products with non-allergen-containing ingredients/products) and should be used to prevent high-risk activities and/or to redesign product and ingredient flow, handling and storage activities and traffic patterns to reduce or eliminate highrisk situations.
Prerequisite programs
Prerequisite to conducting a hazard analysis and developing and implementing a HACCP plan, dairy companies need to ensure that they have in place effective programs designed to provide the basic environmental and operating conditions required to manufacture safe, wholesome food (NACMCF, 1998). Prerequisite programs (PPs) are considered in the hazard analysis when determining if a critical control point (CCP) is needed for an identified hazard. In many cases, the PP is sufficient to reduce the likelihood of a hazard, such that a CCP is not warranted. PPs are generally broad-based programs applied throughout the operation, while CCPs are most often specific points in processing where control measures can be applied. PPs are defined as`developed, documented, and implemented procedures, including current Good Manufacturing Practices (cGMPs) that control operational conditions that serve as the foundation for the HACCP plan' (IDFA, 2002; NACMCF, 1998) . A CCP is`a step at which control can be applied and is essential to prevent or eliminate a food safety hazard or to reduce it to an acceptable level'. When PPs are in place, the focus of the HACCP plan becomes the hazards associated with the product or the process, which must be controlled, and not the manufacturing plant environment (Gombas, 2006) . According to Bernard et al. (2006) , the primary differences between PPs and CCPs are as follows:
· PPs most often address hazards and food safety issues indirectly. · PPs are more general in scope and may be applied throughout the operation, and to multiple process lines. · Failure to meet a PP requirement (non-conformity) seldom results in a food safety hazard or concern, while a deviation from a critical limit typically results in action against the product.
Examples of prerequisite program areas that would apply to all foods as well as fluid milk establishments include sanitary design and control of facilities and equipment; cleaning and sanitation of facilities and equipment; environmental monitoring; supplier control to ensure the safety of ingredients and packaging; written product specifications; allergen management; personal hygiene and health of employees; employee training; control of chemicals and toxic compounds; receiving, storage and shipping of raw materials and finished products; traceability and recall programs; and pest control (IDFA, 2002; NACMCF, 1998; Bernard et al., 2006) . Application of general regulatory or code of practice guidelines such as those described in cGMPs (US-CFR, 2007a, 21 CFR Part 110) and CODEX general principles of food hygiene (CAC, 2003) , as well as specific guidelines for dairy such as those spelled out in the PMO (FDA, 2007) and other regulations, are the basis for many prerequisite programs. In order for PPs to be effective, they should be well documented with clearly written SOPs that are reviewed periodically and revised as needed (Bernard et al., 2006) . Employees responsible for implementation must be well trained and understand the importance of the procedures, of the documentation and of correcting nonconformities. In addition to prescribed monitoring procedures, PPs should include routine verification procedures, such as review of monitoring records for completeness (e.g., weekly) and effectiveness of the procedure (e.g., ATP swabs for cleaning efficiency).
Under the NCIMS-HACCP system, there are eight required prerequisite programs (Table 19 .5). These PPs mirror the required sanitation standard operating procedures (SSOPs) outlined for the FDA's juice (US-CFR, 2007b; 21 CFR Part 120) and seafood (US-CFR, 2007c; 21 CFR Part 123) HACCP requirements. A brief written description or checklist is required for each PP. This written summary is used in the regulatory auditing process (to verify compliance), but also serves as a reference for the dairy plant to use in implementing the program and verifying that the program is followed as intended (e.g., for self-audits). The description should include a brief summary of the purpose and the procedures covered by the PP, including who performs the (FDA, 2007; IDFA, 2002) . Details of the procedures used to implement the PP, such as would be written in an SOP (e.g., CIP procedure for a milk line), are generally not necessary for this summary, but may be referenced. The practices and outcome of each PP must be monitored at a frequency that ensures that the specified objectives are met and that product safety is not jeopardized. Frequencies must be auditable;`as required' or similar phrases are not auditable frequencies for monitoring (CFIA, 2007) . For example, monitoring for cleaning and sanitizing should be done daily at the end of the performed tasks and should be verified before start-up of the next scheduled processing; monitoring of pest control might be done on a weekly basis. Where applicable, devices used to monitor (e.g., recording thermometers) must be properly calibrated. When monitoring reveals deficiencies or non-conformities in a PP, corrective procedures must be implemented and documented. If the goals of a PP are not consistently met, it may be that it needs to be modified. Verification that PPs are being implemented as planned would include reviewing monitoring records, periodic inspections and testing related to the PP (e.g., surface hygiene swabs for cleaning/sanitizing, allergen rinse tests). Records of monitoring, corrective procedures and verification procedures must be kept and be available for review. A similar write-up is required for PPs in the CFIA-FSEP program (CFIA, 2007) , which uses a format similar to the HACCP plan summary that will be described later in this chapter. CFIA-FSEP PPs are comparable to the NCIMS-HACCP program and include premises (exterior, interior, sanitary facilities, water/steam and ice); transportation, receiving and storage; equipment (design, installation, maintenance and calibration); personnel (training, hygiene and health); sanitation and pest control; and recalls. Deficiencies in the implementation of PPs that cannot be corrected under the CFIA-FSEP guidance require both short-term and long-term action plans.
In the fluid milk industry other programs in addition to the required eight PPs listed in the NCIMS-HACCP program should be in place and are generally essential in supporting the hazard analysis and the HACCP plan in most dairy operations. These would include requirements for receiving and storing raw materials, including temperature requirements; storage and handling of finished product, including temperature requirements; drug residues in raw milk; supplier control, including performance and safety criteria, product specifications, certificates of analysis/certificates of guarantee and tracking records; allergen control where applicable (sometimes covered under prevention of crosscontamination or adulteration); vitamin fortification procedures; product specifications; handling and use of rework; personnel training; preventative maintenance programs; equipment maintenance and calibration; labeling; complaint documentation and investigation; food defense procedures; and recall and traceability (Bernard et al., 2006; IDFA, 2002; NACMCF, 1998) .
Hazard analysis and critical control point determination
A hazard analysis (HACCP principle 1) is the process of collecting and evaluating information on hazards potentially associated with a food (biological, physical, or chemical) to determine which are significant and must be addressed in the HACCP plan, e.g., controlled. A critical control point (CCP) is a step at which control can be applied and is essential to prevent or eliminate a food safety hazard or reduce it to an acceptable limit (NACMCF, 1998) . The hazard analysis is a logical process where each activity or step identified in the flow diagram is evaluated for the likelihood of a hazard being introduced, enhanced or controlled. When conducting a hazard analysis, biological, chemical and physical hazards must be considered at each step. Where potential hazards are identified, the next step is to determine the likelihood of occurrence and possible severity of the hazard. This is where PPs are often considered. An established PP may reduce the likelihood of a hazard such that a CCP is not needed, or a PP may be developed or modified to do so. If a hazard is deemed likely to occur and/or is severe, then it must have a CCP either at the point where it was identified or later in the process. Decision trees are available to help the HACCP team determine whether a hazard must be controlled at a CCP (IDFA, 2002; NACMCF, 1998) ; however, the general rule is that if the hazard is likely to cause illness or injury in the absence of its specific control, then a CCP is required. Determining if an identified hazard must be controlled by a CCP or can adequately be addressed by a PP is often debatable. Regardless, if a hazard is identified, there should be a procedure in place that eliminates, prevents or reduces it to an acceptable level. Common practice in HACCP development in the dairy and food industries is to minimize the number of CCPs to keep the system manageable. In fluid milk processing, pathogens in raw milk are always considered biological hazards reasonably likely to occur, and pasteurization is the CCP for this hazard. Other identified potential hazards may be controlled under PPs or CCPs depending on the plant's hazard analysis. Table 19 .6 presents a hazard analysis worksheet commonly used to identify potential hazards at each step taken from the flow diagram and to determine if the identified hazards are likely and if a CCP is needed.
To keep the hazard analysis process practical, care should be taken to only consider hazards that have been shown through science, product composition and characteristics, processing and handling procedures, outbreak/illness data or experience to be associated with the food in question or with similar foods. Where applicable, risk assessment techniques can be used to determine the likelihood of a hazard. There is substantial information on the microbiological safety of fluid milk and other dairy products, much of which is outlined in other chapters of this book. Potential chemical hazards associated with raw and processed dairy products have been well documented, while the potential for physical hazards is dependent on product types and specific processes. For the NCIMS-HACCP program a hazards and controls guide has been developed to assist in the hazard analysis process (FDA, 2006a) . Following are summaries of hazards described in this document and others that might be considered in fluid milk operations. 
Biological hazards
In fluid milk processing, vegetative pathogens associated with raw milk are considered biological hazards that are reasonably likely to occur. Those most commonly identified include Listeria monocytogenes, Salmonella spp., Campylobacter jejuni and enterohemorrhagic E. coli. While the instances of Coxiella burnetii, Mycobacterium bovis/tuberculosis and Brucella spp. have been reduced in many areas of the world, they should not be overlooked, as there have been recent associations of these organisms with raw milk and raw milk products (CDC, 2005; Kim et al., 2005; Mendez Martinez et al., 2002) . The CCP for vegetative pathogens in raw milk is pasteurization, specifically the heat and hold step. Recontamination of milk after pasteurization should also be considered in the hazard analysis, but this is normally controlled under PPs that cover cleaning and sanitization, prevention of cross-contamination and employee health and hygiene, thus reducing the likelihood of occurrence. Establishing a CCP to prevent recontamination is not practical as there are no specific points where control could be applied; the listed PPs cover the whole system. During milk storage, on both the raw and the pasteurized side, there is potential for further growth of pathogens and possible toxin production (e.g., Staphylococcus aureus or Bacillus cereus enterotoxins). This can be controlled by proper refrigeration at storage; some have considered storage temperatures as CCPs, but this might also be covered under a PP for storage, handling and temperature control and monitoring.
Chemical hazards
Chemical hazards associated with raw and pasteurized milk that might be identified in a hazard analysis include animal drug residues, pesticides, mycotoxins, cleaning and sanitizing chemicals, allergens, and ingredients that might be toxic when added in excess (e.g., vitamins A and D). Antibiotics commonly used in treating dairy animals may present a hazard to allergic or sensitive individuals, although documented cases of this are rare. Chapter 5 discusses the issues of residues in milk. Testing programs that screen tanker-loads of milk at receipt for commonly used drugs (e.g., beta-lactam antibiotics), such as required under Appendix N of the PMO, are generally effective in reducing the likelihood of contaminated milk making it through processing to the consumer. Summaries of the US National Drug Data Base (Anon., 2008) , which tabulates information on the results of drug residue testing programs, have shown that the incidence of antibiotic-contaminated milk in the US is relatively low. In the annual report ending September 2007, only 0.032% of over three million tanker-loads of raw milk tested positive. Only two out of 43,851 samples (0.005%) of pasteurized milk products analyzed were positive. A majority of the test results were for beta-lactam antibiotics; other drugs tested for in random samplings included sulfonamides (five out of 47,915 positive), tetracyclines (two out of 11,874 positive), aminoglycosides (two out of 640 positive), macrolides (one out of 860 positive) and enrofloxacin (none out of 1,579 positive). While a CCP for drug residues might be considered (e.g., screening tankers), addressing this under a PP may be more appropriate based on the low frequency and the low risk. In the NCIMS-HACCP program, plants are required to be in compliance with the drug residue testing program as specified in Appendix N of the PMO. While generally handled separately from the HACCP plan, effective monitoring for drug residues as prescribed in Appendix N is considered a critical element for the plant's regulatory listing and continued operation under the Grade`A' program. Within the program, plants are encouraged to screen for other residues deemed pertinent.
Pesticide residues are generally not considered significant, based on preventative regulatory programs and compliance in the US and other countries, and may not even be identified in the hazard analysis. These should be considered if testing or other information suggests that levels may exceed acceptable limits. Mycotoxins associated with contaminated cattle feed are typically not a concern in most areas, but might be identified in the hazard analysis if there is reason to do so, such as a wet growing season or results of feed tests. Screening milk, specifically for aflatoxin M 1 , might be used as a control mechanism, although in areas where climate conditions favor mold growth and mycotoxin production, control should ideally be at the farm level (e.g., feed testing). Contamination with cleaning and sanitizing chemicals is most often covered under cleaning and sanitizing and other PPs. Procedures should ensure that chemicals are labeled correctly and used at proper concentrations, that solutions are rinsed and drained appropriately, and that there is adequate separation or breaks between product lines/vessels and cleaning chemical lines and vessels during processing.
Allergens need to be considered in the hazard analysis only if the dairy plant processes or handles non-dairy foods or ingredients that might be considered potential hazards. The eggs in eggnog would be considered a potential allergen for other milk products. For milk plants that also process soy beverages, soy would be a potential allergen in milk, and milk would be a potential allergen in the soy products. Many fluid dairy operations also process juice using much of the same equipment used for milk. In these operations, milk allergen would be considered the potential hazard for the juice products. If a fluid milk operation also processes ice-cream, nuts and other ingredients that might be potential allergens should be considered. For preventing allergen contamination, control often falls under one or more broad-based PPs; in most cases there are no specific points or steps where control can be easily applied to ensure that the allergen hazard was unlikely. Potential allergens can be addressed in a standalone`allergen PP' and/or under programs for cleaning and sanitizing, prevention of adulteration and/or possibly prevention of cross-contamination. Included in allergen management programs would be separating allergen from nonallergen ingredients, products and packaging during storage and handling; scheduling process runs such that allergen-containing products are processed after the non-allergen products and that non-allergen products are run only after a complete, validated wash of the entire system; controlling the use of rework; and ensuring proper labeling and packaging of products (Gombas, 2006; IDFA, 2002) . While many justify allergen control under PPs, where common equipment is used, process order (e.g., processing non-allergen products only after a complete, validated wash procedure after allergen-containing products) may be considered a CCP.
Vitamins A and/or D should be considered in the hazard analysis for plants fortifying milk products, as over-fortification could result in toxic levels (Jacobus et al., 1992) . The target level for vitamins A and D in milk manufactured in the US is 2000 IU/quart and 400 IU/quart, respectively. The US-FDA currently considers levels in excess of 6000 IU/quart vitamin A and 800 IU/quart vitamin D to be potential health concerns (Nichols, 1992) . Vitamin fortification might be controlled under a CCP or a PP, depending on a firm's hazard analysis. Preventing over-fortification is accomplished by careful monitoring of vitamin concentrate addition, proper measurement of pump feed rates, and determining whether the volume of concentrate used per product batch is in relative agreement with the theoretical value required to achieve the desired fortification level.
Physical hazards
Extraneous material (e.g., straw, dirt or wood) may be present in raw milk due to milking unclean cows or from farm environmental sources. Most milk is filtered at the farm and at the plant, thus extraneous material is often not considered in the hazard analysis. Other physical contaminants that might be considered in dairy operations include glass from bottles or unshielded lighting; plastic and rubber from equipment (e.g., gaskets) or packaging; and metal from equipment parts or wear. Whether these are identified in the hazard analysis would depend on the specific operation. Plants that bottle in glass packaging should in most cases consider glass fragments a likely hazard that should be handled as a CCP. Metal as a hazard in most fluid processing systems is generally considered unlikely, although consideration should be given if there is equipment with metal-to-metal moving parts. Preventative maintenance programs are generally effective in reducing the likelihood of metal and other equipment-related physical hazards. According to the US-FDA Compliance Policy Guide, Section 555.425,`Foods ± Adulteration involving hard or sharp foreign objects' (FDA, 2005) , objects 7 mm to 25 mm in length would be considered physical hazards when in ready-to-eat foods served without preparation. Objects of less than 7 mm would be considered hazards for high-risk groups (infants, surgery patients, and the elderly). Control for physical hazards might include filtration at specific points in processing, metal detection, visual inspection and observations (e.g., in glass bottling operations or for equipment integrity) and preventative maintenance to prevent equipment wear. Table 19 .7 presents an alternative hazard analysis worksheet that covers the raw milk receiving and storage and the pasteurization heat and hold step identified as a CCP. This example shows where potential biological, chemical and physical hazards are identified and provides the justification for whether the hazards are significant, if they are adequately controlled by a PP or if a CCP is warranted. In this example the PPs that reduce the likelihood of a hazard are clearly defined. Table 19 .7 Example of a hazard analysis for the raw milk receiving and storage steps and the pasteurization heat and hold step using an alternative worksheet Table 19 .7 continued
The HACCP plan
Once the hazard analysis is completed and hazards that are likely to occur are identified and CCPs are determined, critical limits for each CCP need to be set (principle 3), monitoring procedures must be developed (principle 4), corrective actions need to be planned (principle 5), verification procedures need to be established (principle 6) and an effective record-keeping program needs to be put in place (principle 7). These activities are generally documented on what is commonly referred to as the HACCP Plan Summary Sheet (Table 19 .8).
All CCPs in a HACCP plan must have one or more control measures with one or more critical limits. Critical limits (CL) are maximum and/or minimum values to which a control measure is set in order to prevent, eliminate, or reduce to an acceptable level the occurrence of the identified food safety hazard that must be controlled at a CCP (NACMCF, 1998) . CLs are generally based on accomplishing at least one criterion, such as a 5-log reduction of a target pathogen, detecting a drug at 5 ppb level or removal of physical hazards greater than 7 mm. CLs must be science based and validated by research, including literature reviews and/or challenge studies (Scott and Stevenson, 2006) . In the food industry, many CLs are set by regulatory policy. For the destruction of vegetative pathogens in raw milk, the CLs for pasteurization are based on minimum temperature and time combinations (e.g., minimum temperature of 72ëC held for a minimum time of 15 seconds). These have been established by regulatory agencies based on science and years of experience and are designed to inactivate the most heat-resistant non-spore-forming pertinent microorganism, i.e., Coxiella burnetii (FDA, 2007) . In vat pasteurization, air-space temperature would also be a CL. In most fluid milk operations, the CLs for the pasteurization CCP are most often set at the regulatory minimum. Dairy plants may choose to establish`operating limits' that provide a margin of safety over and above the set CLs. When monitoring indicates that a process exceeds an operating limit and is drifting toward a CL, adjustments can be made to prevent a deviation from occurring. Most fluid milk plants pasteurize milk well above the minimum temperature and holding time CLs required for legal pasteurization in order to provide that margin of safety. Operating limits may also serve other purposes beyond providing for a safe product, such as increasing the viscosity of a stabilized cream dressing or denaturing milk proteins for yogurt production. Other examples of critical limits that might be used in a fluid milk operation include`no broken glass observed' for a glass packaging line, and measured vitamin concentrate used for a production run is not over a specified percentage of the calculated theoretical amount needed for the total amount of milk produced (e.g., a CL maximum of 20% over theoretical).
Monitoring of CCPs is performed to ensure that CLs are not exceeded, to assess whether the CCP is under control. If CLs are exceeded, a deviation from the plan has occurred and corrective actions must be taken (NACMCF, 1998) . Monitoring must be done at a frequency that ensures that the control measures are effective in providing a safe product. Continuous monitoring is ideal, but not always practical. For milk pasteurization, continuous temperature recording Table 19 .8 Example of the HACCP plan summary table for pasteurization CCP a A properly operating HTST pasteurization system will divert raw product to the constant-level tank when predetermined set points are not met. b Every particle of milk or milk product is heated, in a properly designed, calibrated and operated pasteurizer, as specified in the current Grade`A' PMO. charts are used to monitor the temperature at the end of the HTST holding tube or in agitated tanks for vat or batch pasteurization. Air space temperature in vat pasteurization could also be monitored, but is normally written on the milk temperature recorder at the start and end of the hold time. Although temperature is continuously monitored for pasteurization, monitoring temperature should also include a visual inspection of the recording chart on a preset periodic basis (e.g., visual inspection after each product type or every hour by the operator). For control of physical hazards in a glass line, monitoring would be visual observations either at set periods or possibly`continuous' if an operator is always present. Continuous monitoring is not practical for many control measures. For control of physical hazards using an in-line screen, monitoring may simply be a handwritten record of a visual inspection of the screen being intact and in place at the beginning and end of a processing run. Monitoring vitamin fortification levels might include ensuring that the vitamin delivery system (e.g., feed pump) is running at start-up and, at the end of a process run, determining the amount of vitamin concentrate used, and calculating the percentage of theoretical based on the amount of milk processed. If batch fortification procedures are used, the amount of vitamin concentrate and the amount of milk processed would be recorded and compared to the calculated theoretical value. If vitamin levels were found to be significantly below the target, this would not be a deviation, but it should be corrected to comply with product labeling requirements.
While a minimum holding time is often listed as a critical limit for milk pasteurization, holding time is not actually monitored in HTST systems. In magnetic flow meter based timing systems, flow rate can be monitored using the recording chart with the system set for a maximum allowable flow rate to ensure the minimum holding time in the system's holding tube (e.g., flow rate and the low flow/loss of signal and high flow alarm settings). In systems using sealed, one-speed timing pumps, flow rate is generally not monitored, but flow should be locked at one speed. The actual holding time for both systems is determined by verification procedures (e.g., salt test and can fills) performed on a scheduled basis (e.g., quarterly) or when a system failure occurs. In vat or batch pasteurization, holding time can easily be monitored. In the HACCP plan summary sheet, what is monitored (e.g., temperature), how it is monitored (e.g., recording thermometer), the frequency at which it is monitored (e.g., continuously or at specified periods) and who is responsible for monitoring (e.g., the pasteurizer operator) are all documented for each CL for each CCP (Table 19.8) .
When a CL is exceeded at a CCP, a deviation from the plan has occurred and corrective actions must be taken and documented. In the HACCP plan summary sheet, a listing of corrective procedures should be included that outline the plan of action. The corrective action plan may include predetermined activities that address specific causes of deviations or may be more generic in nature. At minimum, the plan should ensure that no potentially unsafe milk enters commerce; if it has already entered commerce, then it should be removed from the market (e.g., recalled) and the cause of the deviation should be corrected.
Under the NCIMS-HACCP program (FDA, 2007) , when a specific corrective action plan is not predetermined for a deviation, then the milk plant shall do the following:
1. Identify, segregate and hold all affected milk. 2. Determine the acceptability of the affected milk for distribution or reprocessing if applicable. 3. Ensure that any milk deemed unsafe or adulterated as a result of the deviation does not enter commerce. 4. Take corrective actions to correct the cause of the deviation. 5. Perform timely validation to determine if modifications of the HACCP plan are needed to prevent recurrence of the deviation, and modify the HACCP plan as needed. 6. Fully document all deviation and corrective action activities.
In properly operating HTST pasteurization systems, when milk is diverted through the flow divert valve, this is not considered a deviation from a CL. If, however, the divert valve fails and milk below the CL temperature at the end of the holding tube is allowed to flow forward, this would be considered a deviation. Corrective action would be to manually divert the product and, at minimum, follow the steps outlined above (FDA, 2007) . In a glass-filling operation, broken glass observed during filling would exceed the CL (`no broken glass observed'). Corrective action might involve removing a specified number of bottles before and after the breakage or from a designated distance from the shatter area, as well as a thorough clean-up of the filler and surrounding area.
To ensure that the HACCP plan is working, verification procedures (principle 6) must be in place. Verification includes those activities other than monitoring that determine the validity of the HACCP plan and that the system is operating accordingly (NACMCF, 1998) , in other words that the plan is being implemented as written. Verification procedures must include review of the HACCP plan records to determine that all monitoring is being performed and that CL and PP goals are being met. Activities such as calibration, equipment checks and periodic end-product testing are also considered as verification procedures. Under the NCIMS-HACCP program, required verification activities include:
1. Calibration and/or inspection of CCP monitoring instruments (e.g., thermometers, flow meters) or equipment or other devices that influence the CCP (e.g., timing pump and divert valve seals). 2. Review of records that document CCP monitoring to ensure completeness and to verify that values are within established CLs, and if not, that deviations are documented in a centralized log and that corrective action has been taken. 3. Review of records of corrective actions taken when a deviation occurs to ensure that appropriate procedures were followed and documentation is complete, including the handling of the affected product. 4. Review of records that document the calibration and inspection procedures (1).
While generally not warranted under an effective HACCP plan, periodic endproduct or in-process testing and review of associated records may be included as verification activities. End-product testing is rarely used as a CCP and is not recommended in most cases. All verification record reviews should be performed and signed by a person who is appropriately trained and positioned (e.g. supervisor) and not the person who originally created the record (e.g., the operator). The reviews should be done at a frequency that reflects the importance of the record, generally within a short time after records were made (FDA, 2007) . For example, CCP pasteurization charts used as CCP records should be reviewed daily, before product is released.
For the milk pasteurization CCP, daily calibration and equipment check verification activities include cross-referencing the recording chart with the HTST reference thermometer for both HTST and batch methods, determining the flow diversion valve cut-in and cut-out temperatures, and inspecting equipment seals for HTST pasteurization (e.g., seals set by regulatory agencies to prevent modification). Other verification activities include periodic tests (e.g., quarterly or semi-annually) that ensure proper calibration, settings and equipment operation, such as checking the accuracy of the indicating and recording thermometers against a reference thermometer, determining product hold time (e.g., salt test) and ensuring that flow diversion devices are operating properly. These verification procedures are part of the requirements for proper pasteurization as described in regulations (e.g., PMO). Specific testing procedures required for US plants in the Grade`A' Milk program are outlined in form FDA 2359b, Milk plant equipment test report (FDA, 2006b) .
Validation is an element of verification focused on collecting and evaluating scientific and technical information to determine whether the HACCP plan, when properly implemented, will effectively control the identified hazards (NACMCF, 1998) . Initial validation requires ensuring that the hazard analysis and the established CCPs and CLs are scientifically sound and will effectively eliminate, prevent or reduce to an acceptable limit the identified hazards. This may be based on review of current literature, regulatory guidance and/or consultation with experts in the field. Validation of the HACCP system should be performed periodically (e.g., annually as required under the NCIMS-HACCP program) or whenever something in the process warrants revalidation. This may include changes in raw materials, formulations, processing methods, equipment or packaging systems; changes in distribution or target customers; increased positive results in end-product testing; increased consumer complaints; or the occurrence of unexplained system failures or increased CL deviations. Revalidation should also be performed as new hazard concerns are identified through research or product outbreaks. When Listeria monocytogenes emerged as a potential pathogen in milk, several studies were performed to revalidate the pasteurization process for this organism. In addition to internal review of a plant's HACCP system, it is recommended that periodic reviews be conducted by outside experts as part of the verification process. Plants may hire private third-party auditors, or they may be audited by specific customers to ensure compliance with their requirements.
Effective record-keeping procedures (principle 7) document that the HACCP system is in place and is working. Auditing of a HACCP system, by either private firms or regulatory agencies, centers on the review of HACCP documentation for completeness and accuracy. Records required or that could help facilitate the auditing process may include (IDFA, 2002; FDA, 2007) CCPs and their associated identified hazard(s) and CL(s); procedures for monitoring, corrective actions and verification; and a listing of specific records and documentation 6. CCP and CL monitoring and verification records 7. Deviation log and corrective action records 8. Document change log (whenever the HACCP system is updated) 9. Supporting documentation.
All records should be clearly identified, should include pertinent plant information, and should be signed and dated by the person responsible for the record. Where applicable, records reviewed in a verification procedure should be signed and dated by the verifier. Whenever information is changed or when a record is subjected to a scheduled verification review, it should be updated, reviewed, signed and dated by the responsible person. Records should be kept in an organized manner with`road maps' of where specific information can be found. For example, in the HACCP plan summary sheet, under the records column it may indicate that the CCP pasteurizer charts are kept in the supervisor's office; or in the written summary for the cleaning and sanitizing PP, it may indicate that checklists and chemical testing results are kept in a binder in the laboratory. Keeping as many records as practical in a centralized location facilitates the auditing process.
Other food safety systems
In addition to HACCP-based systems several other programs or procedures can be used to help ensure product safety as well as quality. The Committee on the Review of the Use of Scientific Criteria and Performance Standards for Safe Foods (IOM/ NRC, 2003) lists other practices that can be used to identify, characterize and control potential risks associated with a specific food. These include using risk assessment techniques to identify and determine the level of a risk, establishing food safety objectives and performance criteria standards to define the acceptable level of a risk, and implementing statistical process control procedures to manage a risk. Additional programs that utilized and/or support HACCP systems and include supply chain management components and recognition include the International Organization for Standardization (ISO, 2005) ISO 22000 standard for food safety management systems (FSMS), and benchmarked food safety schemes recognized under the Global Food Safety Initiative (GFSI) such as Safe Quality Food (SQF) and the British Retail Consortium (BRC). While beyond the scope of this chapter to discuss in detail, these tools may be used in conjunction with a HACCP based approach and will be described briefly.
Risk assessment is considered to be part of`risk analysis', which also includes risk management and risk communication. Quantitative risk assessment is a scientific modeling process that addresses the magnitude of a risk and identifies factors that control it' (IOM/NRC, 2003). The process includes hazard identification, dose±response assessment, exposure assessment and risk characterization to determine the risk level of specific hazards associated with the food in question. An example is the quantitative assessment of relative risk to public health from foodborne Listeria monocytogenes among selected categories of ready-to-eat foods conducted by the FDA, the USDA and the CDC (FDA/USDA/CDC, 2003). Based on this model, unpasteurized milk was considered to be a high-risk food for listeriosis on a per serving basis (ranked fourth behind deli meats, uncooked frankfurters and pa Ãte Â/meat spreads) and a moderate-risk food on a per annum basis (ranked seventh). Pasteurized fluid milk was considered a moderate risk on a per serving basis (ranked ninth) and a high risk on a per annum basis (ranked second behind deli meats). Food safety objectives (FSOs) are established criteria for the maximum occurrence or concentration of a hazard in a food at the time of consumption such that illness or injury is unlikely (IOM/NRC, 2003) . FSOs are generally established based on quantitative risk assessments, with emphasis on dose± response criteria, and take into account the process, as well as post-processing handling during transportation, at retail and by the consumer. Performance standards are applied at the processing operation and are set to ensure that the FSOs are met. The US has had a zero tolerance for Listeria monocytogenes in all ready-to-eat (RTE) foods; e.g., L. monocytogenes should be undetectable. For some RTE foods where Listeria growth is unlikely (e.g., frozen ice-cream), an acceptable level above zero may have limited risk, thus performance standards may be established that are greater than zero. In a draft guidance document on controlling L. monocytogenes in refrigerated or frozen RTE foods, FDA (2008a) recommends that L. monocytogenes be not present in !0.04 cfu per gram of food for RTE foods that support the growth of L. monocytogenes, e.g., not detectable in a 25 gram sample. This standard would apply to fluid milk products. For RTE foods that do not support the growth of L. monocytogenes (i.e., pH 4.4, water activity 0.92, or frozen), FDA recommends that foods entering commerce do not contain ! 100 cfu of L. monocytogenes per gram, thus suggesting a performance standard above`zero tolerance'. This standard would not apply to fluid milk but may apply to frozen ice-cream.
Statistical process control (SPC) is used to ensure product safety and quality by controlling and monitoring the process over time to ensure that it is stable and does not vary outside the acceptable limits. SPC operates on the assumptions that safety is built into the manufacturing process; the process can be monitored and the data can be analyzed with appropriate methods and statistical techniques; the process can be managed to ensure variation remains stable and predictable; and the process is able to consistently result in a product that meets performance standards (IOM/NRC, 2003) . When applied correctly SPC can be used to monitor and predict the performance of the process and safety and quality of the product. With perhaps the exception of aseptic processes, SPC has not seen wide application in the fluid milk industry. ISO Standard 22000:2005 (ISO, 2005 ) is a food safety management system that emphasizes communication along the food chain. It has a strong HACCP system component, is designed to ensure regulatory compliance and offers certification or registration that is recognized throughout the globe. ISO 22000 has a quality component and clearly defines prerequisite programs and their importance, beyond the basic HACCP system requirements. It defines`operational PPs' as those used to control potential hazards that in their absence could result in economic or quality loss or low-risk health concerns (Surak and Wilson, 2007) . Under the Global Food Safety Initiative (GFSI), four food safety benchmark schemes are currently recognized that allow supplier certification (CIES, 2008) ; these are Safe Quality Food (SQF), the British Retail Consortium, Dutch HACCP and the International Food Standard (IFS). For example, SQF is a program that is recognized in supply chain management with both HACCP based food safety and quality components and offers recognized food safety and quality management certification programs for primary producers (SQFI, 2005) and the entire food sector (SQFI, 2008) . All those recognized under GFSI require specific food safety programs that include, but go beyond, a basic HACCP system approach.
